SUMMARY Topographic processes of brain activity during stereopsis were investigated by means of two different principles, with a real stereo target and a computer stereogram. Use of either principle produced the same tendency: an electrically negative focus started from the central region of the scalp and moved to the parietal and occipital regions. These flows of excitation were seen during a period of 90 to 170 ms. The difference between these two stimulus represented a return of the negative focus from the occipital pole to the parietal region in the real stereo target and a spread of the negative focus to the temporal region in the computer stereogram. Since monocular viewing of a real stereo target produces a similar visually evoked potentials wave form but with less intensity, the negative focus in binocular viewing may be due to the enhancement of binocular cells and disparity sensitive neurons in a wide area of the brain cortex. Thus stereoptic brain responses start from the central and parietal regions and move to the occipital region, making a flow of excitation.
Brain activity during a stereoptic vision was studied by means of the newly developed dynamic topography'2 of visually evoked potentials (VEP).
For stereoptic stimulation two different stimulators, a real stereo target and a computer stereogram, were employed and the results were compared.
In the previous studies on stereoptic VEP' the main emphasis of discussion was VEP enhanced by a stereoptic target. However, the present paper reports an investigation of the topographic process of brain activity during stereopsis by means of the dynamic topography developed by Lehmann et al. ' and Tsutsui et al.2 Methods and materials Two types of stereo stimulators were used. The first was the combination of a liquid crystal shutter and a real stereo target which has been previously reported.47 Electric liquid crystal shutters were used as a visual stimulator with a computer trigger. The stimulus consisted of.the appearance of a target for 1000 ms and its disappearance for 1000 ms. The time needed for the shutter opening was 1 ms and for its closing 4 ms. VEPs were recorded during the target's appearance for 512 ms. Styrofoam blocks of random Correspondence to Sakuko Fukai. height, with a surface measurement of 12x 12 mm, were fixed on the inside of a transparent plastic perimeter with a diameter of 60 cm. The total number of blocks was 169, these occupying 20°of the central field. The average depth of the uneven surface was 4.5 cm and the distance from the subject's eyes was about 45 cm.
The second stereo stimulator was a red-green stereogram on the cathode ray tube (13 inches (33 cm)) of a personal computer (NEC PC-8800). The stereogram consisted of three simple rectangles (4*5x9-0 cm, 3-2x6-4 cm, 2-3x4*6 cm, with visual angles of 191'x381', 136'x271', 98'x195', respectively) with disparities of 42', 31', and 19' when the shift appeared. Using red-green glasses, the subjects were seated 50 cm from the CRT.
The computer triggered a shift of rectangles to produce depth in the front of the background. The modes of depth stimuli appeared for 1300 ms and disappeared for 1300 ms, but VEPs were recorded for only 512 ms during the appearance time.
The computer-triggered shift of disparity induced a depth perception in front of the background, while the disappearance of disparity showed loss of depth perception. For fixation the subjects were advised to look at the area displaying a disparity, since pinpoint fixation lost the depth sensation. Eye movement was always monitored from electrodes Fp, and Fp2 to .. (Fig. 2, binocular) . The negative focus at the occipital pole was reduced in intensity at one time, but its return from the occipital pole to the parietal region was recognised during the period from 136 to 160 ms.
During monocular stimulation, however, the negative focus from 90 to 108 ms appeared at the Fz and Cz (at 108 ms), and less intensive development occurred in the parieto-occipital area (Fig. 2,  monocular) . The later movement of focus which was recognised in the binocular viewing did not appear. The negative focus at the parietal centre (Pz) was peculiar in the binocular viewing, and the increased 614 The maximum occipital focus (-4.5 RV) was seen from 170 to 192 ms and disappeared after 222 ms. This peculiar course was not produced by the monocular stimuli.
Discussion
For studies on the topographic process of stereopsis in the brain two different stereo stimulators-the real stereo target and the computer stereogram-were used, and results were compared to find out the similarity in stereoptic brain activity. Both stimulators showed the same tendency: the appearance of a negative focus in the centroparietal region from 90 to 170 ms after the appearance of depth. The flow of negative focus started from the central portion and moved to the occipital pole with the use of either stimulus. The only difference noted between the effects of the two stimulators was a return of negative focus from the occipital pole to the parietal region with the real stereo target and a spread of negative focus to the temporal region with the computer stereogram.
The flow of negative focus suggested that a relatively wide area of the brain contributes to the establishment of stereopsis. Fusion, convergence, and small eye drift might be necessary to achieve stereopsis. In my present assessment this negative focus is not specific for stereopsis but, rather, it may be the enhancement of the monocular response. This assessment is supported by the observation of a weak 615 group.bmj.com on November 7, 2016 -Published by http://bjo.bmj.com/ Downloaded from Topographic visually evokedpotentials induced by stereopticstimulus negative focus which appeared in the middle central scalp from 90 to 110 ms even with the monocular cue of the real stereo target. But the late response in the area from the parietal to the occipital pole was much stronger with binocular stimulation than with monocular. This phenomenon may be due to the enhanced response of binocular cells, which are also sensitive to monocular stimulation to a less extent. Poggio and Fischer9 reported that in monkeys nearly all cortical neurons in areas 17 and 18 were binocular neurons, but monocular stimulation with some ocular balance could also occur.
The binocular effect of VEP reported previously depends on the negative component at 150 ms (N,50) in the parietal and occipital areas. In our previous studies on the stereoptic stimulator using the binocular liquid crystal shutters and a real stereo target2'47 the binocular effect of VEP was parallel to the subjective stereopsis in normal and strabismic patients. In the reports of most other authors356 studying the stereoptic VEP a random dot stereogram was employed. As stated earlier, the stereogram used in this investigation did not employ random dots; linear rectangles with disparities were displayed. In the Julesz's type random dot stereogram the appearance of checkerboard-like rectangles might induce a pattern VEP combined with depth discrimination.
As regards brain activity during stereopsis, Herpers et al.6 emphasised that the negative component was localised in the central and parietal regions during the period from 150 to 250 ms. Although the peak time of the negative component obtained in this study showed little difference from that of Herpers et al., the same tendency of response was clearly demonstrated here. Herpers et al. emphasised that the stereoptic brain response was localised in the central and parietal region and was not generated in the occipital region. In this study, however, the occipital region showed a negative potential in the late stage. The meaning of the centroparieto-occipital travel of brain activity has not clearly been interpreted, but it suggests that many steps of neural function may produce stereopsis.
As regards the cerebral centre of stereopsis, no hemisphere preference was found in this study. This result is in agreement with the report of Lehmann and Julesz.3 As to the higher integration potentials, such as vertex potentials of P2w and event-related potential P_w, the negative component in stereopsis was easily differentiated.
In conclusion, our study shows that the stereoptic response in the brain starts from the central and parietal regions and moves to the occipital region, making a flow of excitation. 
